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Background: Abdominal wall hernia is a common surgical condition. Patients may present in an
emergency with bowel obstruction, incarceration or strangulation. Small bowel obstruction (SBO) is a
serious surgical condition associated with signiicant morbidity. The aim of this study was to describe
current management and outcomes of patients with obstructed hernia in the UK as identiied in the
National Audit of Small Bowel Obstruction (NASBO).
Methods: NASBO collated data on adults treated for SBO at 131 UK hospitals between January
and March 2017. Those with obstruction due to abdominal wall hernia were included in this study.
Demographics, co-morbidity, imaging, operative treatment, and in-hospital outcomes were recorded.
Modelling for factors associated withmortality and complications was undertaken using Cox proportional
hazards and multivariable regression modelling.
Results: NASBO included 2341 patients, of whom 415 (17⋅7 per cent) had SBO due to hernia. Surgery
was performed in 312 (75⋅2 per cent) of the 415 patients; small bowel resection was required in 198 (63⋅5
per cent) of these operations. Non-operative management was reported in 35 (54 per cent) of 65 patients
with a parastomal hernia and in 34 (32⋅1 per cent) of 106 patients with an incisional hernia. The in-hospital
mortality rate was 9⋅4 per cent (39 of 415), and was highest in patients with a groin hernia (11⋅1 per cent,
17 of 153). Complications were common, including lower respiratory tract infection in 16⋅3 per cent of
patients with a groin hernia. Increased age was associated with an increased risk of death (hazard ratio
1⋅05, 95 per cent c.i. 1⋅01 to 1⋅10; P = 0⋅009) and complications (odds ratio 1⋅05, 95 per cent c.i. 1⋅02 to
1⋅09; P = 0⋅001).
Conclusion: NASBO has highlighted poor outcomes for patients with SBO due to hernia, highlighting
the need for quality improvement initiatives in this group.
*Members of the National Audit of Small Bowel Obstruction (NASBO) Steering Group and NASBO Collaborators
are co-authors of this study and are listed in Appendix S1 (supporting information)
Funding information
Bowel Disease Research Foundation
Association of Coloproctology of Great Britain and Ireland
Association of Surgeons of Great Britain and Ireland
Association of Upper Gastrointestinal Surgeons
British Association for Parenteral and Enteral Nutrition
British Society for Gastroenterology
Royal College of Surgeons of England
Royal College of Surgeons of Edinburgh
Royal College of Anaesthetists
British Association for Surgical Oncology
National Emergency Laparotomy Audit
Paper accepted 26 May 2020
Published online in Wiley Online Library (www.bjsopen.com). DOI: 10.1002/bjs5.50315
© 2020 The Authors. BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd BJS Open
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
National Audit of Small Bowel Obstruction Steering Group and National Audit of Small Bowel Obstruction Collaborators
Introduction
Much of the literature addressing the treatment of small
bowel obstruction (SBO) focuses on management of the
most common cause, adhesions1-3. Emergency treatment
of the obstructed abdominal wall hernia contains know-
ledge gaps that include the optimal surgical approach and
type of repair4,5. Care for this group is particularly chal-
lenging as patients are often elderly with high levels of
co-morbidity6.
The quality of emergency surgical care has been scru-
tinized through initiatives such as the American College
of Surgeons’ National Surgical Quality Improvement Pro-
gram (NSQIP)7 and the UKNational Emergency Laparo-
tomy Audit8, although the latter study did not include
many emergency repairs that failed to meet criteria for
inclusion. UK evidence also suggests that ‘watchful wait-
ing’ as an alternative to elective hernia repair has increased
the rate of emergency procedures9.
The aim of this study was to analyse cohort data from the
UKNational Audit of Small Bowel Obstruction (NASBO)
to describe the current management and outcomes of
patients with SBO due to abdominal wall hernia.
Methods
NASBO was a trainee-led and trainee-delivered multicen-
tre prospective cohort study carried out between 16 Jan-
uary and 13 March 2017, with support from all major pro-
fessional stakeholders. Any acute hospital in the UK that
performed emergency general surgery was eligible to con-
tribute data. Hospitals were recruited through the NASBO
network, personal contacts and social media. This study
is reported in line with STROBE10 and Statistical Analy-
ses and Methods in the Published Literature (SAMPL)11
guidelines.
Approvals
At each site, local collaborators were responsible for regis-
tering the study and securing Caldicott Guardian permis-
sions. As this study was considered clinical audit, national
research ethical approval was deemed not to be required
(NHS East Scotland Research and Ethics Committee,
NR/1610AB10).
Inclusion and exclusion criteria
The study included non-pregnant patients aged 16 years
and over who had a clinical suspicion of SBO. Clinical
suspicion was either identiied by a member of the surgi-
cal team or agreed in consultation with other specialties.
Fig 1 STROBE flow chart
Patients entered into REDCap database
n= 2604
Excluded n= 263
 Local investigator exclusions for
    ineligible diagnosis n = 152
 Ineligible diagnosis n= 20
 Missing outcome data n= 20
 Managed with palliative intent n= 71
Assessed for inclusion in study
n= 2341
Excluded from analysis as ineligible
diagnosis
n= 1926
Patients with SBO
n= 415
REDCap, Research Electronic Data Capture; SBO, small bowel obstruc-
tion.
Patients subsequently found to have pathologies other than
SBO were excluded.
Data collection
Data were captured during the study period according to
a prespeciied protocol12 and entered into a secure RED-
Cap (Research Electronic Data Capture) database hosted
by the University of Shefield. Fields collected were listed
in the study protocol and included patient characteris-
tics (age, sex, co-morbidity as measured with Charlson
Co-morbidity Index13, risk of malnutrition, BMI, evi-
dence of acute kidney injury and admission white cell
count), imaging (use of abdominal plain ilm radiography,
and CT), referring team or service, nutritional assessment
and interventions (use of oral supplements and parenteral
nutrition), management including surgery, and 30-day
in-hospital outcomes including mortality (measured as sur-
vival), in-hospital complications, length of stay and any
requirement for readmission. In-hospital complications
included infectious complications (lower respiratory tract
infection, supericial and deep surgical-site infection and
urinary tract infection), surgical complications (abdom-
inal wall dehiscence and anastomotic leak), reinterven-
tion (radiological or reoperation), delirium, cardiovascular
events, pulmonary embolism, deep venous thrombosis, and
unplanned critical care admission.
Date of resumption of enteral nutrition was recorded
by the local teams as the irst date that oral intake
was tolerated. Hernia types were broadly categorized
as inguinal/femoral, primary midline, incisional and
© 2020 The Authors. www.bjsopen.com BJS Open
BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd
Outcomes of obstructed hernia
Table 1 Patient characteristics
Inguinal/femoral
groin hernia
(n = 153)
Midline
hernia
(n = 91)
Incisional
hernia
(n = 106)
Parastomal
hernia
(n = 65) P†
Age at admission to study (years)* 78⋅3(10⋅4) 68⋅3(13⋅6) 64⋅8(14⋅9) 69⋅1(12⋅6) <0⋅001‡
Sex ratio (M :F) 66 : 87 50 : 41 38 : 68 34 : 31 0⋅032
CCI score* 4⋅6(7⋅4) 4⋅8(7⋅0) 4⋅4(6⋅8) 4⋅8(7⋅5) 0⋅747‡
Nutritional Risk Index score 0⋅468
Low 67 (43⋅8) 52 (57) 51 (48⋅1) 38 (58)
Moderate 55 (35⋅9) 29 (32) 34 (32⋅1) 17 (26)
Severe 6 (3⋅9) 2 (2) 5 (4⋅7) 1 (2)
Missing 25 (16⋅3) 8 (9) 16 (15⋅1) 9 (14)
BMI <0⋅001
Normal weight 71 (46⋅4) 14 (15) 15 (14⋅2) 12 (18)
Underweight 14 (9⋅2) 1 (1) 1 (0⋅9) 0 (0)
Overweight 33 (21⋅6) 21 (23) 19 (17⋅9) 22 (34)
Obese 15 (9⋅8) 49 (54) 59 (55⋅7) 23 (35)
Missing 20 (13⋅1) 6 (7) 12 (11⋅3) 8 (12)
Accommodation before admission 0⋅180
Own home 143 (93⋅5) 87 (96) 102 (96⋅2) 64 (98)
Residential home 5 (3⋅3) 0 (0) 0 (0⋅0) 0 (0)
Nursing home 5 (3⋅3) 4 (4) 3 (2⋅8) 1 (2)
Missing 0 (0) 0 (0) 1 (0⋅9) 0 (0)
Referral source 0⋅097
Direct to surgical team 131 (85⋅6) 86 (95) 95 (89⋅6) 61 (94)
From inpatient team 22 (14⋅4) 5 (5) 11 (10⋅4) 4 (6)
AKI on admission 0⋅002
No 101 (66⋅0) 67 (74) 89 (84⋅0) 55 (85)
Yes 52 (34⋅0) 24 (26) 17 (16⋅0) 10 (15)
WCC on admission (×109/l) 0⋅448
≤11⋅9 90 (58⋅8) 46 (51) 60 (56⋅6) 29 (45)
12⋅0–15⋅9 36 (23⋅5) 27 (30) 28 (26⋅4) 18 (28)
≥16⋅0 27 (17⋅6) 18 (20) 18 (17⋅0) 18 (28)
Final treatment group <0⋅001
No surgery 17 (11⋅1) 17 (19) 34 (32⋅1) 35 (54)
Immediate operation 115 (75⋅2) 65 (71) 57 (53⋅8) 17 (26)
Delayed operation 21 (13⋅7) 9 (10) 15 (14⋅2) 13 (20)
Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.) CCI, Charlson Co-morbidity Index; AKI, acute kidney injury;
WCC, white cell count. †χ2 test, except ‡Kruskal–Wallis test.
parastomal. The case report form and deinitions of
outcomes have been published previously12. Surgical
interventions were classiied as immediate operation
(within 24 h of admission), delayed operation (24 h after
admission) or non-operative. Components of emergency
procedures were also recorded, including small bowel
resection and stoma formation.
Data validation
Accuracy of data submission was validated by local investi-
gators who were independent from data collection teams.
Selected ields from 25 per cent of all submitted patient
records were sampled randomly at each site. Data were
re-entered separately by the validator, who was blinded to
the original data. Categorical variables were deemed to be
accurate on exactmatch, and continuous variables when the
value was within 0⋅5 units of the collected data. Accuracy is
expressed as a percentage of correct ields of the total ields
sampled.
Statistical analysis
After exclusion of ineligible patients, data were summarized
using simple descriptive statistics for comparisons across
speciic hernia groups. Data are presented as numbers and
percentages for categorical data and asmean(s.d.) values for
normally distributed continuous data; where data were not
© 2020 The Authors. www.bjsopen.com BJS Open
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Fig 2 Histograms showing distribution of hernia type by age, BMI and treatment strategy
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Midline hernia
Parastomal hernia
normally distributed, median (i.q.r.) values were used. χ2
and Kruskal–Wallis tests were used to test for differences
between categorical and continuous variables respectively.
To adjust for confounding factors, clinically plausible
variables were entered into a Cox proportional hazards
model, clustered by centre to adjust for hospital-level
effects. Effect estimates are presented as hazard ratios
(HRs) with corresponding 95 per cent conidence inter-
vals. For the outcome of complications, a multilevel logistic
regression model was used to estimate odds ratios (ORs)
with 95 per cent conidence intervals. Briely, patient
risk factors were adjusted for at level 1 (ixed effect) and
centre effects at level 2 (random effects). Model selection
was guided by minimization of the Akaike information
criterion. Models were examined for irst-level interac-
tions, and those found to be signiicant were retained in
the model. Statistical signiicance was taken at the level of
P≤ 0⋅050 a priori.
All analyses were performed in R version 3.4.4 (R Foun-
dation for Statistical Computing, Vienna, Austria) using
the tidyverse and inalit packages.
Results
NASBO collected data on 2604 patients from 131 hos-
pitals during the study period (Fig. 1). After screening,
© 2020 The Authors. www.bjsopen.com BJS Open
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Table 2 Management
Inguinal/femoral
groin hernia
(n = 153)
Midline
hernia
(n = 91)
Incisional
hernia
(n = 106)
Parastomal
hernia
(n = 65) P*
Radiology performed
No imaging 5 (3⋅3) 3 (3) 1 (0⋅9) 0 (0) 0⋅015
Abdominal X-ray only 38 (24⋅8) 28 (31) 16 (15⋅1) 9 (14)
CT only 28 (18⋅3) 9 (10) 21 (19⋅8) 7 (11)
CT and abdominal X-ray 82 (53⋅6) 51 (56) 68 (64⋅2) 49 (75)
Abdominal X-ray
No 33 (21⋅6) 12 (13) 22 (20⋅8) 7 (11) 0⋅131
Yes 120 (78⋅4) 79 (87) 84 (79⋅2) 58 (89)
Diagnostic CT
No 43 (28⋅1) 31 (34) 17 (16⋅0) 9 (14) 0⋅003
Yes 110 (71⋅9) 60 (66) 89 (84⋅0) 56 (86)
Oral or rectal water-soluble contrast agent except when having a scan?
No 142 (92⋅8) 86 (95) 96 (90⋅6) 56 (86) 0⋅269
Yes 11 (7⋅2) 5 (5) 10 (9⋅4) 9 (14)
Operative management
Non-operative 17 (11⋅1) 17 (19) 34 (32⋅1) 35 (54) <0⋅001
Immediate operation 115 (75⋅2) 65 (71) 57 (53⋅8) 17 (26)
Delayed operation 21 (13⋅7) 9 (10) 15 (14⋅2) 13 (20)
Values in parentheses are percentages. *χ2 test.
2341 patients were assessed and included in the study
analysis. In total, 415 patients (17⋅7 per cent) had SBO
caused by abdominal wall hernia, making hernia the sec-
ond most common cause of obstruction after adhesions
(1150 patients, 49⋅1 per cent). Patients with hernia who
were managed with end-of-life care were excluded from
the analysis (10, 2⋅4 per cent). The data validation exercise
demonstrated a high level of accuracy, with complete
agreement between entered and validated patients at 92⋅4
per cent.
Demographics
Patient characteristics are summarized in Table 1. Those
with a groin hernia were older than patients with other her-
nia types (mean(s.d.) age 78⋅3(10⋅4) versus 64⋅8(14⋅9) years
respectively) (Table 1 and Fig. 2). There were no differences
in co-morbidity amongst hernia groups.
Acute kidney injury was more prevalent in groin and
primary midline hernias (34⋅0 and 26 per cent respectively)
compared with incisional and parastomal hernia (16⋅0 and
15 per cent respectively) (P = 0⋅002).
More than one-third of patients (149, 35⋅9 per cent) were
at moderate to severe risk of malnutrition using the Nutri-
tional Risk Index, which was highest in the groin and inci-
sional hernia groups. Patients in the midline, incisional and
parastomal hernia groups were signiicantly more likely to
be overweight or obese as measured by BMI (77, 73⋅6 and
69 per cent respectively), in contrast with those in the groin
hernia group, who tended to have normal BMI (31⋅4 per
cent combined obese or overweight; 46⋅4 per cent normal
BMI) (Table 1).
Imaging
Some 91 patients (21⋅9 per cent) had plain abdominal
radiography only, and the remainder had abdominal CT
with or without previous plain radiography. Patients with
obstructed parastomal or incisional hernia underwent diag-
nostic CT in 86 and 84⋅0 per cent of cases respectively,
compared with 71⋅9 per cent of patients with groin hernia
and 66 per cent of those with midline hernia. Thirty-ive
patients (11⋅1 per cent) had a subsequent water-soluble
contrast study to assess whether the hernia was obstructed.
Nine patients (5 groin, 1 incisional, 3midline) had no imag-
ing performed to support the clinical diagnosis of obstruc-
tion (Table 2).
Operative interventions
Operative management was performed in 312 (75⋅2 per
cent) of the 415 patients; Table S1 (supporting information)
summarizes the surgical procedures carried out. Immedi-
ate operation was more common in the groin hernia group
© 2020 The Authors. www.bjsopen.com BJS Open
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Table 3 Outcomes by hernia type
Inguinal/femoral
groin hernia
(n = 153)
Midline
hernia
(n = 91)
Incisional
hernia
(n = 106)
Parastomal
hernia
(n = 65) P†
30-day in-hospital death
No 136 (88⋅9) 84 (92) 97 (91⋅5) 59 (91) 0⋅815
Yes 17 (11⋅1) 7 (8) 9 (8⋅5) 6 (9)
Urinary tract infection
No 140 (91⋅5) 88 (97) 102 (96⋅2) 63 (97) 0⋅188
Yes, not urinary catheter-associated 5 (3⋅3) 2 (2) 4 (3⋅8) 2 (3)
Yes, urinary catheter-associated 5 (3⋅3) 0 (0) 0 (0) 0 (0)
Missing 3 (2⋅0) 1 (1) 0 (0) 0 (0)
Lower respiratory tract infection
No 126 (82⋅4) 79 (87) 95 (89⋅6) 55 (85) 0⋅612
Yes 25 (16⋅3) 11 (12) 11 (10⋅4) 10 (15)
Missing 2 (1⋅3) 1 (1) 0 (0) 0 (0)
Deep SSI
No 144 (94⋅1) 86 (95) 102 (96⋅2) 64 (98) 0⋅754
Yes 7 (4⋅6) 4 (4) 4 (3⋅8) 1 (2)
Missing 2 (1⋅3) 1 (1) 0 (0) 0 (0)
Superficial SSI
No 145 (94⋅8) 84 (92) 97 (91⋅5) 58 (89) 0⋅406
Yes 6 (3⋅9) 6 (7) 9 (8⋅5) 7 (11)
Missing 2 (1⋅3) 1 (1) 0 (0) 0 (0)
Abdominal wall dehiscence
No 148 (96⋅7) 87 (96) 102 (96⋅2) 64 (98) 0⋅227
Yes 1 (0⋅7) 3 (3) 4 (3⋅8) 1 (2)
Missing 4 (2⋅6) 1 (1) 0 (0) 0 (0)
Anastomotic leak
No 148 (96⋅7) 89 (98) 104 (98⋅1) 65 (100) 0⋅727
Yes 3 (2⋅0) 1 (1) 2 (1⋅9) 0 (0)
Missing 2 (1⋅3) 1 (1) 0 (0) 0 (0)
Radiologically guided drainage
No 149 (97⋅4) 89 (98) 106 (100) 64 (98) 0⋅564
Yes 1 (0⋅7) 1 (1) 0 (0) 1 (2)
Missing 3 (2⋅0) 1 (1) 0 (0) 0 (0)
Venous thromboembolism (PE or DVT)
No 145 (94⋅8) 89 (98) 106 (100⋅0) 65 (100) 0⋅146
Yes 5 (3⋅3) 1 (1) 0 (0) 0 (0)
Missing 3 (2⋅0) 1 (1) 0 (0) 0 (0)
Delirium
No 134 (87⋅6) 84 (92) 100 (94⋅3) 63 (97) 0⋅265
Yes 17 (11⋅1) 6 (7) 6 (5⋅7) 2 (3)
Missing 2 (1⋅3) 1 (1) 0 (0) 0 (0)
Cardiovascular event (MI, new heart block, stroke, TIA)
No 137 (89⋅5) 87 (96) 99 (93⋅4) 63 (97) 0⋅295
Yes 13 (8⋅5) 3 (3) 7 (6⋅6) 2 (3)
Missing 3 (2⋅0) 1 (1) 0 (0) 0 (0)
Reoperation
No 129 (84⋅3) 70 (77) 67 (63⋅2) 28 (43) < 0⋅001
Yes 5 (3⋅3) 3 (3) 5 (4⋅7) 2 (3)
Missing 19 (12⋅4) 18 (20) 34 (32⋅1) 35 (54)
Unplanned critical care admission
No 134 (87⋅6) 82 (90) 97 (91⋅5) 60 (92) 0⋅708
Yes, ICU 6 (3⋅9) 4 (4) 4 (3⋅8) 4 (6)
Yes, HDU 11 (7⋅2) 4 (4) 3 (2⋅8) 1 (2)
Missing 2 (1⋅3) 1 (1) 2 (1⋅9) 0 (0)
Readmission within 30days
No 126 (82⋅4) 78 (86) 84 (79⋅2) 53 (82) 0⋅310
Yes 21 (13⋅7) 9 (10) 20 (18⋅9) 12 (18)
Missing 6 (3⋅9) 4 (4) 2 (1⋅9) 0 (0)
Length of stay (days)* 10⋅9(10⋅8) 10⋅0(13⋅0) 9⋅3(10⋅1) 12⋅1(13⋅2) 0⋅505‡
Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.). SSI, surgical-site infection; PE, pulmonary embolism; DVT, deep venous thrombosis; MI,
myocardial infarction; TIA, transient ischaemic attack; HDU, high-dependency unit. †χ2 test, except ‡Kruskal–Wallis test.
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Table 4 Cox proportional hazards analysis of determinants of in-hospital mortality (survival)
Univariable analysis Multivariable analysis
Hazard ratio P Hazard ratio P
Final treatment group
Non-operative 1⋅00 (reference) 1⋅00 (reference)
Immediate operation 0⋅46 (0⋅23, 0⋅93) 0⋅030 0⋅53 (0⋅20, 1⋅41) 0⋅202
Delayed operation 0⋅32 (0⋅11, 0⋅91) 0⋅032 0⋅21 (0⋅06, 0⋅80) 0⋅022
Timing of CT
No CT 1⋅00 (reference) 1⋅00 (reference)
<24h 0⋅92 (0⋅39, 2⋅16) 0⋅854 0⋅68 (0⋅29, 1⋅61) 0⋅382
24–48 h 0⋅58 (0⋅07, 4⋅72) 0⋅610 0⋅42 (0⋅03, 5⋅97) 0⋅524
>48h 0⋅83 (0⋅30, 2⋅33) 0⋅724 0⋅57 (0⋅17, 1⋅92) 0⋅361
Age at admission to study 1⋅06 (1⋅02, 1⋅09) 0⋅001 1⋅05 (1⋅01, 1⋅10) 0⋅009
Sex
M 1⋅00 (reference) 1⋅00 (reference)
F 1⋅01 (0⋅53, 1⋅92) 0⋅977 1⋅27 (0⋅58, 2⋅79) 0⋅554
Charlson Co-morbidity Index 1⋅01 (0⋅97, 1⋅06) 0⋅489 0⋅99 (0⋅94, 1⋅04) 0⋅769
Nutritional Risk Index score
Low 1⋅00 (reference) 1⋅00 (reference)
Moderate 0⋅85 (0⋅42, 1⋅72) 0⋅653 0⋅76 (0⋅36, 1⋅63) 0⋅485
Severe 0⋅46 (0⋅06, 3⋅46) 0⋅451 0⋅32 (0⋅04, 2⋅71) 0⋅294
WHO BMI class
Normal weight 1⋅00 (reference) 1⋅00 (reference)
Underweight 0⋅67 (0⋅19, 2⋅33) 0⋅529 0⋅42 (0⋅10, 1⋅82) 0⋅245
Overweight 0⋅62 (0⋅26, 1⋅46) 0⋅276 0⋅75 (0⋅26, 2⋅15) 0⋅590
Obese 0⋅39 (0⋅16, 0⋅97) 0⋅042 0⋅57 (0⋅20, 1⋅61) 0⋅284
Hernia type
Inguinal/femoral 1⋅00 (reference) 1⋅00 (reference)
Other site 0⋅86 (0⋅46, 1⋅63) 0⋅645 1⋅01 (0⋅37, 2⋅74) 0⋅980
Admission WCC (×109/l)
≤11⋅9 1⋅00 (reference) 1⋅00 (reference)
12⋅0–15⋅9 1⋅24 (0⋅58, 2⋅67) 0⋅583 1⋅04 (0⋅35, 3⋅07) 0⋅941
≥16⋅0 1⋅31 (0⋅59, 2⋅87) 0⋅505 1⋅52 (0⋅58, 3⋅96) 0⋅395
Initial management strategy
Non-operative 1⋅00 (reference)
Operative (decision within 24 h of admission) 0⋅74 (0⋅39, 1⋅38) 0⋅339
Referral source
Direct to surgical team (ED, GP, clinic) 1⋅00 (reference) 1⋅00 (reference)
Other inpatient team 1⋅04 (0⋅47, 2⋅30) 0⋅916 1⋅13 (0⋅41, 3⋅16) 0⋅814
AKI on admission
No 1⋅00 (reference)
Yes 0⋅78 (0⋅38, 1⋅61) 0⋅503
Small bowel resection
No 1⋅00 (reference)
Yes 0⋅23 (0⋅09, 0⋅57) 0⋅001
Values in parentheses are 95 per cent conidence intervals. WCC, white cell count; ED, emergency department; GP, general practitioner; AKI, acute kidney
injury.
at 75⋅2 per cent compared with midline (71 per cent),
incisional (53⋅8 per cent) and parastomal (26 per cent)
hernias (Table S1). In contrast, non-operative management
was initiated in 54 per cent of patients with parastomal
hernia and 32⋅1 per cent of those with incisional her-
nia. Overall, small bowel resection was common, being
required in 198 (63⋅5 per cent) of the 312 patients, and
stoma formation was performed in 55 (17⋅3 per cent).
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Table 5 Multilevel logistic regression analysis of major complications
Major complication* Univariable analysis Multivariable analysis
No (n = 346) Yes (n = 66) Odds ratio† P Odds ratio† P
Final treatment group
Non-operative 89 (25⋅7) 13 (20) 1⋅00 (reference) 1⋅00 (reference)
Immediate operation 214 (61⋅8) 39 (59) 1⋅25 (0⋅65, 2⋅53) 0⋅520 1⋅86 (0⋅82, 4⋅22) 0⋅139
Delayed operation 43 (12⋅4) 14 (21) 2⋅23 (0⋅96, 5⋅21) 0⋅061 2⋅64 (0⋅92, 7⋅57) 0⋅071
Age at admission to study (years)‡ 69⋅9(14⋅2) 78⋅2(9⋅7) 1⋅06 (1⋅03, 1⋅08) <0⋅001 1⋅05 (1⋅02, 1⋅09) 0⋅001
Sex
M 161 (46⋅5) 25 (38) 1⋅00 (reference) 1⋅00 (reference)
F 185 (53⋅5) 41 (62) 1⋅43 (0⋅84, 2⋅48) 0⋅197 1⋅26 (0⋅66, 2⋅43) 0⋅484
CCI score‡ 4⋅2(7⋅0) 6⋅4(8) 1⋅04 (1⋅00, 1⋅07) 0⋅028 1⋅04 (1⋅00, 1⋅08) 0⋅079
WHO BMI class n = 312 n = 56
Normal weight 91 (29⋅2) 21 (38) 1⋅00 (reference) 1⋅00 (reference)
Underweight 12 (3⋅8) 4 (7) 1⋅44 (0⋅38, 4⋅63) 0⋅557 1⋅53 (0⋅41, 5⋅75) 0⋅527
Overweight 81 (26⋅0) 13 (23) 0⋅70 (0⋅32, 1⋅46) 0⋅345 1⋅15 (0⋅49, 2⋅71) 0⋅740
Obese 128 (41⋅0) 18 (32) 0⋅61 (0⋅30, 1⋅21) 0⋅156 1⋅26 (0⋅55, 2⋅91) 0⋅580
Admission WCC (×109/l)
≤11⋅9 182 (52⋅6) 40 (61) 1⋅00 (reference)
12⋅0–15⋅9 93 (26⋅9) 16 (24) 0⋅78 (0⋅41, 1⋅45) 0⋅447
≥16⋅0 71 (20⋅5) 10 (15) 0⋅64 (0⋅29, 1⋅30) 0⋅242
Timing of CT n = 339
No CT 91 (26⋅8) 9 (14) 1⋅00 (reference)
<24h 198 (58⋅4) 42 (64) 2⋅14 (1⋅04, 4⋅87) 0⋅050
24–48 h 14 (4⋅1) 2 (3) 1⋅44 (0⋅21, 6⋅37) 0⋅659
>48h 36 (10⋅6) 13 (20) 3⋅65 (1⋅45, 9⋅57) 0⋅007
Hernia type
Inguinal/femoral 122 (35⋅3) 30 (45) 1⋅00 (reference)
Other site 224 (64⋅7) 36 (55) 0⋅65 (0⋅38, 1⋅12) 0⋅117
Nutritional Risk Index score n = 300 n = 56
Low 180 (60⋅0) 27 (48) 1⋅00 (reference)
Moderate 109 (36⋅3) 26 (46) 1⋅59 (0⋅88, 2⋅87) 0⋅123
Severe 11 (3⋅7) 3 (5) 1⋅82 (0⋅39, 6⋅28) 0⋅382
Referral source
Direct to surgical team (ED, GP, clinic) 316 (91⋅3) 54 (82) 1⋅00 (reference)
Other inpatient team 30 (8⋅7) 12 (18) 2⋅34 (1⋅09, 4⋅76) 0⋅022
Initial management strategy
Non-operative 132 (38⋅2) 27 (41) 1⋅00 (reference)
Operative (decision within 24 h of admission) 214 (61⋅8) 39 (59) 0⋅89 (0⋅52, 1⋅54) 0⋅673
AKI on admission
No 265 (76⋅6) 44 (67) 1⋅00 (reference)
Yes 81 (23⋅4) 22 (33) 1⋅64 (0⋅91, 2⋅87) 0⋅090
Values in parentheses are *percentages and †95 per cent conidence intervals, unless indicated otherwise; ‡values are mean(s.d.). CCI, Charlson
Co-morbidity Index; WCC, white cell count; ED, emergency department; GP, general practitioner; AKI, acute kidney injury.
Nutritional intervention
The mean(s.d.) time without enteral nutrition was
6⋅8(8⋅9) days for groin hernia, 4⋅7(4⋅4) days for midline,
6⋅4(8⋅1) days for incisional and 7⋅7(13⋅0) days for paras-
tomal hernia. Dietitian review was performed for 87 (63⋅5
per cent) of 137 patients who were identiied as being at
risk of malnutrition on screening. Nutritional intervention
in the form of total parenteral nutrition was provided to
36 (41 per cent) of these 87 patients, at a mean(s.d.) of
11⋅3(16⋅9) days without enteral nutrition.
Outcomes
The overall 30-day in-hospital mortality rate was 9⋅4 per
cent (39 of 415), and was higher in patients with SBO
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due to obstructed groin hernia (17 of 153, 11⋅1 per cent)
compared with other hernia types (Table 3). Complica-
tions were common across all hernia subgroups, with lower
respiratory tract infection occurring in 10⋅4–16⋅3 per cent,
deep surgical-site infection in 2–4⋅6 per cent, delirium in
3–11⋅1 per cent, and cardiovascular complications in 3–8⋅5
per cent (Table 3). The mean(s.d.) length of hospital stay
was 10⋅5(11⋅5) days. In patients who had surgery, the unad-
justed mortality rate was 8⋅3 per cent (26 of 312), compared
with 12⋅6 per cent (13 of 103) in the non-operative group.
Modelling of outcomes
Cox proportional hazards modelling showed that delayed
surgery was associated with lower mortality (adjusted HR
0⋅21, 95 per cent c.i. 0⋅06 to 0⋅80; P = 0⋅022) (Table 4).
Increased agewas associatedwith increased hazards ofmor-
tality in all groups (adjusted HR 1⋅05 per unit increase, 95
per cent c.i. 1⋅01 to 1⋅10; P = 0⋅009). Small bowel resec-
tion was associated with decreased hazards of mortality in
univariable analysis (HR 0⋅23, 0⋅09 to 0⋅57; P = 0⋅001), but
this did not persist in multivariable modelling (Table 4).
Multilevel regression analysis to identify factors asso-
ciated with major complications (death, unplanned
high-dependency unit/ICU admission, 30-day read-
mission) indicated in a univariable model that operative
management, increasing age, increasing co-morbidity, CT
within 24 h of admission or beyond 72 h after admission,
and referral from other inpatient team were all signiicant
predictors of complications, but only age persisted in the
multivariable model (adjusted OR 1⋅05, 95 per cent c.i.
1⋅02 to 1⋅09; P = 0⋅001) (Table 5).
Discussion
This study provides contemporary evidence of high rates
of mortality and morbidity in patients with SBO due to
obstructing hernia. Although the morbidity of obstructed
hernia has been well documented5, this study demonstrates
that it still persists.
In patients undergoing conservative treatment of groin
hernia, the reported annual risk of strangulation or incar-
ceration ranges from 0⋅4 to 2⋅7 per cent14. A recent study15
of emergency repairedmidline hernia using theUSNSQIP
database showed the mortality rate to be 1⋅3 per cent,
and a 2010 UK-based single-centre study16 found a 30-day
mortality rate after emergency groin hernia repair of 2⋅5
per cent. A single-centre observational study17 of incar-
cerated hernia found morbidity comparable to that in the
present study. These studies included a mix of obstructed
and strangulated hernia, but the difference in mortality
between these and the present study is stark. The inding
that bowel resection in the present study might be associ-
ated with reduced mortality, as seen in Table 4, contrasts
with other studies18, suggesting that prompt surgery for
clinically apparent bowel ischaemia improved outcomes.
Equally, this difference may relect selection bias, whereby
itter patients underwent resection and less it patients were
managed conservatively, with either hernia reduction alone
or supportive conservative management. The association
between delayed operation and lower in-hospital mortal-
ity may relect the predominantly incisional or parastomal
hernia groups treated in this way. It might also relect a
group in which additional resuscitation measures had been
undertaken, mitigating the impact of surgery.
The characteristics of the population studied may go
some way to explaining the outcomes demonstrated here.
Acute kidney injury was independently associated with
poor outcomes, including death, in the present study, in
line with other emergency surgeries19. Malnutrition is also
associated with poor surgical outcomes. This study showed
high rates of malnutrition with limited interventions to
address this.
Beyond patient characteristics are those factors related
to the organization of hospital services. Outcomes were
worse in terms of complications for the patients referred
from inpatient teams in this study, potentially relect-
ing delay where patients were admitted under medical
specialties with ‘coffee ground vomit’ or ‘gastroenteritis’,
whereas the correct diagnosis was obstructed hernia. Time
to surgery may be one element of management that might
be improved for this particular set of patients. However, it
was noted that delayed surgery was associated with reduced
mortality. This may relect that the group who had delayed
surgery were more likely to have incisional rather than
groin hernias, the latter carrying a greater risk of strangu-
lation.
Bowel resection rates were high in this study at 63⋅5 per
cent, compared with 5 per cent in adhesive SBO3. Delay
potentially increases the need for small bowel resection,
which is associated with worse clinical outcomes including
mortality20. A threshold of a 3-day trial of non-operative
management has been demonstrated as the cut-off point
for worsening outcomes in adhesive obstruction1. It is
possible that a similar temporal cut-off exists for patients
with obstructed hernia, albeit at a much earlier time point.
There were relatively high rates of unplanned critical
care use (approximately 10 per cent) in the groin hernia
population. Despite high levels of co-morbidity, patients
were managed at ward level until deterioration requiring
increased support. In the UK, some of this patient group
fell outside the National Emergency Laparotomy Audit
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criteria7, and were not assessed routinely in the same way
for mortality risk and frailty. As a result, acuity of the
situation and the need for critical care may not have been
recognized for the high-risk patient.
This study includes a subgroup of the whole patient
population treated for SBO. As a result, it is missing some
information thatmay be of interest to clinicians, speciically
type of repair, use of mesh, and type of anaesthesia. As an
observational study, no inference can be drawn on causality.
Guidelines for the management of hernia in the acute
setting are limited, relecting a paucity of high-quality
evidence5. Work in emergency laparotomy8, a condition
with similar rates of mortality and morbidity, has demon-
strated improvements in the UK. Principles learned from
that study might be translated into emergency hernia
surgery. For example, comprehensive preoperative risk
assessment could inform preoperative and postoperative
intervention. Mortality risk and frailty scoring could be
undertaken8,21. In turn, this information might inluence
case selection to avoid operating where futility is antic-
ipated. Other researchers9,22 have noted an increase in
emergency hernia repair following the institution of watch-
ful waiting policies, and the data presented here might shift
the health economic balance of this policy to favour early
repair in selected patients in the elective setting.
The indings of this study suggest that strategies should
be developed to aid early diagnosis of hernia, particularly
in patients admitted to non-surgical wards, and that similar
standards of care as offered to patients having emergency
laparotomy (early imaging to aid diagnosis, senior surgeon,
routine postoperative high-dependency unit admission)
should be instituted. To address these issues, additional
data speciic to emergency hernia repair, rather than only
bowel obstruction, would be helpful. Prospective stud-
ies might investigate strategies to improve perioperative
outcomes including preoperative resuscitation or the use
of high-dependency facilities. Decision-making models to
identify the optimal timing of repair for pre-existing her-
nias might help surgeons to balance the risk of obstruction
against the risks of repair in elective and emergency set-
tings. Poor outcomes in patients with SBO due to abdomi-
nal wall hernia highlight the need for quality improvement
initiatives in these patients.
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